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1 



[»**4 ] 1 - 3 cov^-f tit* 1 «IE«*>** 

5 ] n*qt i ~ 4 v H*» i mmmom* 

(Cfc^T, ^«K-f>'^BOff*^ x 10A~2000AT* 

[i»**6 ] n*« i ~ 5 o^-rn^ i &%m<om* 
[anottfl&Rni 

[0 0 0 1] 
[0 0 0 2] 

[tS*ojS«*3J:^-?:^HS^] »#Jf#W«{fc£4&;6> 
f>iS^^ti^^^fp/vU>ytyh^ (j^ 

ai-at>0£ LT&S £;fc/t^5 0 TangbttSf^-OiKa 

U IEafc«W*ft«ilML »«J: 9 /<7 >-*.):< 

^-f^>rtT\ 10V J^TOTOnmETl000cd/m 2 t^ffl 

tlC/S^Lfc (Appl. Phys. Lett., 51, 913 (1987). 

tz 0 MgltrntL^-tK. *£7£XhZ<Dk, * 

[ooo3] amftBma&ttnifAr? ms 1 bus 



«*T«*28a-P&Hk p. 1040) 

3^£¥fifR«£, 9W^»li29p-ZC-15 , p. 1127) 
J*. MgJ;9JEJctt»H*^/h$^Li (y^A) 
ai (t;u^^^a) i^fb-rs*{cJ:9^^k$-frl» 
fil^LT^v^rirlcJ:!?, Mg^Srfflt^*^-J: Ofi 

w#e>ti^r«{k^*S±^Li«:*a"cioAs«^ffi«)r 

»«3E«)StafJ:#JftT»*)5r ££$&£LTl^ (IEEE T 
rans. Electron Devices. , 40, 1342 (1993)) 0 
[0 0 0 4] fti£"CliUNIAX tt^Pei bt)K 

i"5*^jft*LTl^ (Science, 269, 1086 (1995) 

y^-iH^irin situ -CK-tr^^-fStO-CfcSo r 
©S^, B«5S«^y^-li«^«*tt (K^-) K 

fc p >'^t*^#^J:9ffi«>Tffi;<*5 (Science, 269, 
1086 (1995) ) o 

[0 0 0 5] £ bCiK^ot, ^-X 
y^ttOHungf>li7Hky^^A (LiF ) ^BMfc-^* 
v-£A (MgO ) 4if<0R«(t:SrffiJC)T*< (5 ~10A) 

^ntl^ (Appl. Phys. Lett., 70, 152 (1997) ) „ 
[0 0 0 6] L*»U43ftSfe, Mg^>LitD^mSl-^^r 

BS&li-Ctt. LiS©e^^20A£JL±t?ttlSffi«tEL^ 
l/^X (IEEE Trans. Electron Devices. , 40, 1342(19 

93)) , mfrxmnoAM&(DLi<Dmmmm\mm 
mxh*>m*ft$t<o&&&\zffim&hZo *it, p e i & 

03B3t«*lcl6S:8aiDLr«;JH^r»IIIS-fr5in situ 

Hungbo-mmfeteizte^xh&mtemmft 
mmm*5 Atm^xm^^tz^, ^mn&mh^-ti 

[0 0 0 7] 



[0 0 0 8] 

a v >f±A**4 *f <&R«ft-e K— tr > ^-r 

ft<9, eftWESrfiT^-frSr^^-e^sr^Srjl^a 
[0 0 0 9] 

2, E?UftaSttSr*1-5jE?UtiSJB3. $&3feg4, 

k- tr v 5 *> j; utfttt i 4 a « ® 6 zmm l t 

ftoTl^o (S) <£>?*, x ify^SS 

^^■5«s*«W«WLfcMf (S) *f«EL 

m/m*®m/&mh'-t'>ys/mm, mm/tit 

toffffiic^+sto-cfciiffi^ftsji^^ 

[0 0 10] H2f±, f£ffi©ffi6£^F«#ftg4£<7!)|H 

6 n&mz&m tr> 5 «<Rlt MvO 
b<oa^aA^^i^ft-5c 

[0 0 11] 0311, *«<7>fc*!>f^ Hung&<D**Lfc 



aA$ti5W«fk^*(0*fi;^i(lffi (LUMO) 

[0 0 12] *«EL*^-Cf±(Sffi^^S*ft^tt»ft-C 
*>5W«ft^«^^>«^aAiaStt, BCSS-CO* 

^{t^^aTC, 1-ft^^7^/Ur-^^jicO^ 
T*£>5 (Phys. Rev. Lett., 14, 229 (1965)) D ztM 

+ftt>hGmk&to<D%&£i&j L (lumo) -^f^&A 

tr^^l 5 tt, r © J: 5 icMKflsftfc&^ttftJUta* 
6ft6 Kw<y h^ff£ K-tT^^L*:*«ft**Ji-e 

(CLUM0ipffi^{g;<ft5(DT\ HS^^tfttAx*^ 

&^"C^5»«ftAloj:5ftA«S:*ffl-e#5. 
[0 0 13] K-'O'Mi** hfcft«*«fls*«o« 

Li 2 0 N Na 2 0 N K 2 0 , Rb 2 0 x Cs 2 0, MgO , CaO ft£\ 
&m&<Dm&niiF % NaF % KF X RbF , CsF % MgF 2 , Ca 
F 2 , SrF 2 , BaF 2 , LiCl, NaCl, KC1 , RbCl N CsCl x MgCl 
, , CaCl 2 . SrCl 2 % BaCl 2 ft C t * 

[0014] K- tV^JI 5 (O M> hSSfi# 

iwHftSjh,ftv%as, o. 1-9 9if%r^s:^^^ 

LV> 0 0. llt%^irij:, K-^^hoogg^-f 

£ftz^G®it&®m&&mci&i-€z><Dx\ K-tr 

#JCffit$ixftV^lOA— 2000Ad5#4 10 

T^ofcW«^Ofi^>ft-frs e ^fc, 2000 A 
^^<^T-»^L<ftV^ e 

[0 0 1 5] ±E4«K-e>^Ji5 0rtRifeli % l>a> 



*fc J; +7fu^ xhyir^, f 

Tyh?-t>, -f7?-t> y y *-r> hi- >tek*<Dm& 
y>\ /^7xfyFnyy, ^x-J-v h y >?>\ 

> y -^y uy, y^n^y uy, i-y^u^y uy x 
yyv, 7^n-<y/^, ^y^o^y/^, 

y-/K TA'?*J> % t^y/^-f/yy, 
h7-fe>\ ^7;/^/w^/^k ^*t: 0 7 

#yyf->\ ^o-yr=y, *-^y k^, /^u 

[0 0 17] #ff8Bg63-295695 *SI»¥8- 

22557 ^^¥8-81472 *&«L #!H¥5-9470-^ 

«F« ¥5-1 7764 ^&«£m^$Jh/C^S&JR*U' 
-Hi*ft*ft, #t^S^rU— hit***/* KYk-fr. 
*-Ctt, hy^ (8-^!l/7H 7/K^l>^ If* 

(8-^yyyyh) (f) - 

8- *y y y 7 h] e&\ tr* (2-y * y y y 
7h) t/i^~?a, hy* (8-^yyyyh) ^y^ 
hy* (5-y^;w8- *y y y 7 h) T/i^~# 
^ 8-^;y;7hyf!)A, h y x (5-^ □ n-8- * 
y yy^h) #y?A, (hod-8- ^y yy^ 
M */i/5/^A4if(08-^y y yy hfcsv^i-t^Bai 

[0 0 18] «F|iB¥5-202011^« % #^¥7-179394-^ 
<*IB¥7-278124*^«, »BB¥7-228579-g-^*lC 
BB^*tlTV^^*^T/-yi/JS, #^¥7-157473^- 
^*(CB*SlXTt^ hyr^>«, #^¥6-203963^- 

\z # ixx v > 5 * 3vi^< J: TfVx f- y 

/U7!l-l/yR|», #BB S P6-132080#^«-^»BB¥6- 
88072 ^*lcBB^*tLTv^x^y/uBiW(*:, »BH¥ 

6-1 00857#>£«-*>4*Bj ¥6-2071 70^« |C R« £ tlX V > 

5^ti/7^y^t)M, MK- 
[0019] ^^>(c s ^^y^-y-y-zu^ -<yv^ 



ffifflT*g\ «x.tf, 4#HP859-1 94393 ^«tCBB^SH 
TV^tO^*»fbix5o *©ft*«fcLTtt. 2,5-fc' 
* (5, 7-v^-t- -O-^/U-2— <V^^-^r^y yyu) -1,3, 
4- f7/-;K 4,4'- fc** (5,7-t-^>f/U-2- 
VttW yyu) ^f/^y x 4,4'- t** [5,7-v>- 

(2-y?vu-2- y^/u) -2- ^yyt^rtyy;i/] 

A"<>\ 2, 5~t'x (5.7-i^-t- 'O'fTU-g- 
^tVVjV) ft7xy, 2,5-tf* [5- (a, a- 

/wO-tooO ft7xy, 2,5 

-tr* [5,7-v?- (2-y^/u-2- y^vio -2- ^yyt 

^✓y/p] -3,4- v^^/l^^Z^y, 2,5-tf^ 

(5-^f/u-2- ^ymt/y^) ft7xy x 4,4* 
- t'7. (2— O-Z^-^r-y-^y /U) t7xx;K 5-y^/L- 
-2- {2- [4- (5-y -OV'^-^f-yy/U) 7x 

xi/u-] t^yu} s<>V**W— 2- [2- (Hdd 

y^^/v) tr^/w] t7f (i,2-d)^^f*y-^^^o 

^yyt^rt/-/^, 2,2'-(p-7^xiU>>?t 0 ^U 

2- {2- [4- (2-O-^-T ^^^/y/U) 7xx/U) 

/U} -<y^^/-;K 2- [2- (4-^;^^r^7acxi 

[0020] ^^y^w<>'0*fl:**tLTr±, 

x. tf^M4$n : $R0373582 *Wi»»l3:BB*&SiiT^5to 

(2-y^^^y^) -o-tfy x 1,4-t'^ o-y^/v^ 
f-y/i/) ^v-tfy, i,4-tr* (4-y^^f-yyu) 
if>- % ^^y^^o-^y, 1,4- if* (2-^^x^y 

1,4-t*^ (2-y^u^^y/u) -2- y^vi^v-tf 

1.4- f^. (2-y ^/u^^y/v) -2- v 
<tif^*«f ens. 

[0 0 2 1 ] 4*BB¥2-252793-g-^*^BI^Snr 

^J^LTIi, 2,5-tf^ (4-y ^/U^^y;V) t*7^y, 
2,5-fc'^ (4-^^/U^^y/U) 1^9^, 2, 5-t'^ [2- 
(l-t7f;H t'^;u-] t'7^ 2,5-t"^ (4-y 
isX^-V/U) t'7^y, 2,5-t'^ [2- (4-h'7xr:;U) 
1^-/1/) t°7^V x 2,5-fX [2- (l-t'U^/U) fc^ 

[0022] %<Di& s mm^mss76B^mmm^m 
¥3-23i97o^aicg|^$ttrv>s^y fy^ 

TfflV^:HT^5 0 *Oft*«fcLTtt, l,4-7x 

= i/y^f!J7^y, 4,4'- 7x=uy^>f yf^ 

2.5- ^^y i/y^ fy7-f V x 2,6-t7f i/y^ 
^fyf>fy, i,4-t*7^-^>v?y^y^^ 1,4- 
P -7i/7xxi/y^f yr^y, 9,10- 7yh7ty 



5?^^f !lr-f 4,4'- (2,2- v?-t- ^/U7x 

6-49079 #ffl¥6-293778^ffl^P^^ix-C^ 
5y7t;y^ ^¥6-279322f-^#, 4#^^6- 

279323^^ (cr^^ $ tix ^ 5 ^tigx ^ y Mt^m, 

#^¥6-107648^-^^^#^¥6-92947 ^mzM^ £ 
^TV^^^-^v^T /-yl^*^ #§1^6-206865^ 
«^C^$nTV^5r> h^irWb^> #^¥6-1451 
46-^^^P|^$ixTl>5^^^^ hS£W*> &M¥> 
4-96990 ^&f£g|^£;ft,Tl>57 h 7 7 3i ^yU;/^;/ 
^ Xt^m. #§l¥3-296595^«(C^^ $ fiX ^ 6 ^ 
iHta^, #§i¥2-191694^^^^ 
^fr-O^^-v-y #P¥2-196885^#|C 
fPf^ftT^S^y #gl¥2-255789^iw^ 
^£ftTl^3^:7* #§I¥2-289676^I5 
#^¥2-88689 ^^{CP^£ftT^5:7*n-<y y> 
#^¥2-250292^-^1::^^ c^ftTV^X^ y 

*r summit* z&mifbtiz. se**m 

[00 2 3] IE?L&AJf , iETL^jf, IE?L»i2tttSg)fe 
Si: LT&ffl£ix57 y-/U7 5 LTte, 
#K:|R&iftV*dS % #H¥6-25659 #&«L #H¥6-20 
3963*&«U «fH!¥6-215874^«, #H¥7-145116# 

«W¥7-224012*^* % 1*HW7-157473^*L 
#P*i§¥8-48656 *4**U 1*BI¥7-126226*&* % 
7-188130-S^«, 4#Hl¥8-40995 »M¥8-4099 

6 f^H, ^^^40997 *BB¥7-126225^ 

4»H¥7-101911-5^«, #Bfl¥7-97355 -^ffiKBfj 

/T^t^sry^T; Wfc£*«s#SL< % flu*. 

fi, N, N, N* , N' -T- h 7^^^/1.-4, 4'- v^T^ /7x- 
/K N, N'- y7x^/H, N'-^ (3-> ^vl^^/p) - 
4, 4' -^7 5 7 t'7x^;K 2,2-fX (4-^-p- h y yU 

7 5 7 /n/^ % N.N.N'J'-ff^-p- hy 
/W4, 4'-y7;;t'7x ^yl^ fx (4-v-p- h *J ;UT 
Z/y^^/ls) 7x-/V^y, N, N' - S^xsAH*. 
N'-v* (4-7 F^fy7xx;i/) -4, 4' -v>7 5 7 f7 

/V, N, N, N' , N' h77x — /U-4, 4' ->?7 5 7^7x^ 
/l"^-7VK 4,4'- fx (y7x^/U7^7) K 
y^oi-/K 4-N,N-v ; 7^zi/U7 r ^ /- (2-'77xr/l, 
f^/P) -Oi?^ 3-y h * *>-4* -N, N-v*7 * ->VT 5 
/X?'/l"<>1*y > 1, 1-fX 

(4- v?-p- M)7;/7x^u) - vy* n^^if-^ 
1, 1- f X (4-V-p- 77x -/U) -4- 7 m -/W 

ffn^v^ fx (4-^yf-/PT^ y-2- y^vuy 
oi-/u) - 7x^^> % n, n, n- h y (p-hy/u) 7 

- >> 4- (v^-p- hy;U7;7) -4'- [4 (v?-p- bV 
^7 5 7) x^y/u] ^^/U-<v N N,N,N\N'-7 h7-p 

- hy/l--4,4'-v ? 7 5 7- t'7x^K N,N,N*,N*-x h 



7 7x^M,4'-y7^ y- fc-^-^N-y^/l^/U 
'<:A-/K 4,4'- fX [N- (l-i-y^yu) -N- 7^ -yU 

- 757] 4,4"-fX [N- (l-f7^) 
-N- 7 x - yU- 7;/] p^~7x-/K 4,4'- fx 

[N- (2-^7^) -N- 7x-;h 7 5 7] f^x- 
/K 4,4'- tfx [N- O-Tir^^^nyi.) - N - 

- T^y] t'7xz/K 1,5-h'X [N- -N 

- 7xx/U- T^y] 4,4'- t'X [N- (9- 
T^hy/V) -N- 7^^iyU- 7;y] ¥7 zl-jV^ 4, 
4"-t*x [N- (1-T>hyyp) -N- 7^~jV- 7^7] 
p-^"-7x=/K 4,4'- t'X [N- (2-7zn^^hyyl.) 
-N- 7x^ 7^7] t'7x^/K 4,4'- fcf^ [N- 

(8-7/1^7 >7"-/V) -N- 7xr/l/- 7;7] t7s 
4, 4' -fx [N- (2-fU^yl,) -N- 7o:^yU- T 
5y] t'7x-;K 4,4'- h*X [N- (2— <y U-yU) -N 

- y^^ju- 757] t7xx/K 4,4'- fx [N- (1- 
^p^-yu) -N- 7^-yU- 757] b*7^-/K 2,6- 
tfX (C^-p- hy^T57) f-y^U-V, 2,6-fX [v? 

- {1-fy^jV) 7 5 7] ^7^U>, 2,6-fX [N- 
(l-i-y^/U) -N- (2-^7^/U) 7 5 7] Th7^U 

4.4"-fX [N,N-^ (2-^7^) 7 5 7] 
x=7K 4.4'- t'X {N-7^n/U-N- [4- (hf7f 
/U) 7x-;u] 75 7} If7x-;K 4,4'- fx [N-7 
31-yu-N- (2-f - 75 7] t'7x-/K 2,6- 

tfX [N,N-v^ (2-^7^yU) 7 5 7] 7/^U>, 4, 
4"- t'X (N, N-^-p- Ky/U7 5 7) ^-7x^/U, 
fx (N-l-t7f;H (N-2-t7f;U) 75 ^ttif&h 

[0 0 2 4] ^^{c, iETL^AS. E7lia&E, iETL^ 

/N'77x-uyt-y COM £ © V > b *> 5 n 

[ 0 0 2 5 ] IT0 ««±|c»dli--5aE?LttAli LT 
li, #^(S^(i^V^^ «7^n^>7=^*ifco^JS7 
^ni/7 = vaS3j:ucai^jR7^nvr = VJi % 7^— 

^k, ^Ky t=-]) xcomm&x y 

-cts. ^^iw, gsa!to7y-^75 vgicsf^j^L 

[0 0 2 6] ^ffimSfrii, £«*-C3c£fc{fcffl-C# s 
[0 0 2 7] WTfcHJfiW^^jf r*«*Sr 

aj^vpc-400 nmmmmz&mLti. m^n^p 



-^tt»DekTak3ST ttff^S^ff SrfflV *fc e m+nftte 
mmiat, 3t*PBX 40-2. 5itatti«U ^ilVOAC-7510 

ITO £R§ji, AlSr|£ffi£ LTKfiE«E*0.5 V/2g>*> 
3 1 Mil V/2g>OSij^-C^x^7 P ^(cPn^L, «E± 
#1 J: tm««tfe«tLfc. *fc, EL*-< 

*^T^9^f LT*WBB«LJ|fcLfc. 
[0 0 2 8] 1 

fc£ 0 #7*gffil±fcl, HUSTON 2 £LT, 
»CjE?Uii£tt**r-rSTE«:i : 




"C^SftSaNPD £10 torrT"C. 3 A/&<DMM&8t 

T400 Atom Sl^fiWU jE7LM^3*BAlfc. 
[0 0 2 9] fti^ h&ISjE?L^13^±^, $gftjf4 

[ft 2] 




-c*£ft5MJ;* (8- *;v/7h) r^^-t^m 

ftW (ttT rAlqjfcl^) 4*3traU*fl=-C600 A© 
ic&m K-fy^l5 t LX S Alq irLiF £LiF dS2S 

m%ttez£o\c&*<om%mmzmmLxioo A&m 

^mmmet LTAl£«*it£l5A/im000Aa» 
Lfc 0 **««I4«0. 5cm , «0.5cm OjE*Jgftt t 

fc 0 *rB<&*m* j y-fc*5vvt\ Bffittffi-e*>*rro t 

l;H5000cd/mV>ii5Jfg£l3V Kfcl^-C^Lfco z\<Db$ 
^l:^gii440mA/cm 2 Xhi1t Q 

[0030] \mm i 

Mtm&mix, no ±{z^riEKm^mtLXaw 



D £400 AttJpSfcricIKU *<D±\Z % JBttBtLTAl 
q Sr3 tmi:*#-C600 A(D»$^KSSR»LT»ricL 
fc e LT\ Alq Oii»6Mi LTA1 4:2000 ASg*L 
fc D ZCDm^-XitlSV T-Sil56700cd/ra 2 ©JSLWt 

[0031] \mm 2 

$mmitm$ki*x\ no ±^*-fE?majit ua 

NPD £400 Ao«l:idm *0±K, Alq £500 A 
«#Lfc&K:, LiF <D^£100 A^ffSfcX^^LT 
Ml, -tOi^felftSi: UTAl*2000AJK»Lfc o d 

< &A S b 
■ Sixft^ofc. rtbJiLiF tfWOO A#ALfc0>-Ctt 
LiF Sd5^±**6»fls:«"C*>5fe«>, l*«a>fe<0«r?-& 
AsS J fT*)iX<C*»ofcfcJil*>Jx5. Lfc^oX, LiF #10 

o a <nm&\z \mm \z»t 5 nm^&x^tcMz 

[0 0 3 2] ^JgfiSj 2 

lmm<05^7^±^ Alq £LiF £LiF ^2fi 

%ttez£i\z&*<omm&mzm&LxmoAj$,mL 

1t 0 Alq O^SrJS#L-C1000A^«LfcKfH>f^ 

sit, cne>opra*^KiR^-<^ h^tsv^r, ai 

q <B**SM^fcBl^tt*y ^>SlCj;5PliR^400nm 
f*iEfc*G>ixfctf, LiF £K-t 6 V^L/cAlq R-Ctt£ 
y vSSfc:«fc5»^«iKas375nin 

tz 0 ZtMLiF #Alq ^Oifi«tC#?5E-r5r^-eAlq 
6, 

[0 0 3 3] jgjfeffl 3 
ITO ±(C S ]E?LK!fi£Jf 3 £ LT a NPD £400 A, 3§ftj§ 
4£LTAlq £600 AJEffiiSffLfcgL Alq tWtitV * 
*?± (Li 2 0) ^^JiK-fc°V^l5i:LTLi 2 0^S^3 
«*%<!: 4 5 J: 5100 Aol¥^{c#JS#Lfc 0 ^co±^ 
bs ftHSH6tLT, A1£1000AS»L**£«3RL 

fe 0 r^^^iiTOnmiEi 3 vr*S:ii5JfSi6ooocd/iD 2 i: 

S»ft^a480mA/cm 2 Mfa&W tmC<, j&^m 

®mEEx&m&**z.tz 0 
[0034] ttmm 3 

mmmi tm&ttx, no ±^-fjEnmmst Lx a 

NPD ^400 A^f^lcML, -ttf>±fC, Alq ^600 A 
JR»Lfcaic, Li 2 0^^^100 Aoff*lcJtffiSK*UT 
JKSct, -t^±^fett«i: LTAlS:2000AJ6»Lfc. r 

o/c D rix(iLi 2 0O^.100 AffALfc^-CttLi^S^S 
±4*6&frS-e*>6fc«>, (tS^bom^A^t>fi 

[0 0 3 5] |^fiS0ij4 
ITO ±(C % lETL^ii® 3 t LTaNPD ?r400 A, 



4 t LTAlq £500 AKffi*»Lfc«, 7 h 
d U V£Li 2 0£&^ K- t'V^jf 5 £ LTLi 7 0^ 3S* 
51-100 A<D&Wz&m%Lft c \<D£fr 
SSSi6 t LTAlS:l000A^LlS^-$:f^iS{L 
-^^^^TOnl;El3VT^ffiWg21000cd/m\ ® 
ffi&g630mA/cm 2 £#x., H16«S 1 iflllX, fiV^ft 

[0 0 3 6J 

Lfc#«flS*ftl (ilK-fy^i) £<z> 



[^f-oiftpj] 

1 mwmm 

2 Manni 
4 

5 iiF-ey^i 

6 



[HI] 



[B2] 





















®m&®%& (I TO) 









